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INTRODUCTION 


V 


1 


J*f  A^KJ  ds  +  JJ  A^Kj  ds 

s  s 

-  n  “r\'  \  * 


(I) 


where  K  is  the  kernel  of  the  integral  equation  for  the  shaft- 

°  .  2 
frequency  harmonic  loading  described  by  Tsakonas,  et  ai  and  programmed 

in  PPEXACT. ^  Program  OBLIQUE  computes  K.' ,  multiples  by  AP^  and  per- 

1  o 

forms  the  surface  integration  over  all  the  propeller  blades.  Program 

(2) 

0BLIQO2  computes  Kj'  ,  multiples  by  AP^  ;  and  performs  the  surface 
integration  over  all  the  blades.  Brief  descriptions  of  the  terms  in 
(l)  are  given  next;  however,  for  details  on  the  equations  programmed, 
the  reader  is  referred  to  Valentine.^  ■ 
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This  manual  accompanies  the  program  listings  and  a  magnetic  tape 
containing  two  files,  one  of  program  OBLIQUE  and  one  (the  second)  of 
program  0BLIQO2.  The~theo retreat  procedure  behind  the  computer  pro¬ 
grams  and  its  limitations  are  described  in  detail  in  Reference  1.  The 
programs  OBLIQUE  and  OBLIQ02  plus  the  program  PPEXACT  are  used  in  the 
procedure  described  herein  to  compute  the  blade  bending  moments  of  a 
propeller  operating  in  an  oncoming  flow  inclined  to  the  propeller 
shaft.  The  theoretical  analysis  leading  to  and  the  operation  of  PPEXACT 
have  been  described  by  Tsakonas,  et  al^*~^7~\ The  purpose  of  this  manual 
is  to  present  sufficient  information  on  the  organization  of  the  programs, 
descriptions  of  the  input  and  output,  and  description  of  the  input 
to  the  sample  calculation  presented  in  Reference  1,  so  that  an  engineer 
with  a  knowledge  of  FORTRAN  may  execjte  the  procedure  successfully. 

ORGANIZATION  OF  PROGRAMS  OBLIQUE  AND  0BLIQ02 

The  program  was  designed  to  solve  an  integral  equation,  Eq.  (25) 
in  Reference  1,  namely. 


(2 
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The  factors  Kj  and  Kj'  inside  the  integrals  on  the  left-hand- 

side  of  (I)  are  geometric  quantities  related  to  the  deviations  from 

circular  helicoidal  stream  surfaces  of  the  shed  helicoidal  flow  field 

behind  a  propeller  in  an  inclined  flow.  The  AP^^  and  AP^^  factors 

o  o 

are  the  steady  and  second  harmonic  of  blade  loading  due  to  the  mean 
and  second  harmonic  of  the  circumferential  spatial  variation  of  the 
oncoming  flow  into  the  propeller,  respectively.  The  subscript  o 
implies  that  these  quantities  are  computed  by  the  procedure  described 
in  References  2  and  3  utilizing  PPEXACT.  Therefore,  the  propeller  model 
used  to  compute  AP^^  and  AP^^  neglects  the  oncoming  flow  inclina¬ 
tion.  Equation  (1)  is  of  order  \|r  ,  the  shaft  inclination  angle,  which 
is  assumed  to  be  small.  The  propeller  is  assumed  to  be  lightly-loaded. 

The  relatively  large  shaft  frequency  component  of  the  measured  circum¬ 
ferential  variation  of  the  tangential  velocity  into  the  propeller  disk 
inclined  to  the  oncoming  flow  produces  a  shaft  frequency  loading  APg^. 
Thus,  Eq.  (1)  is  an  additional  contribution  to  the  shaft  frequency  loading 
due  to  the  distortion  on  the  shed  helicoidal  stream  surfaces.  Conse¬ 
quently,  the  contributions  to  the  shaft  frequency  loading  calculated 
by  the  present  computational  procedure  are  given  by  the  right-hand  side 
of  the  following  equation 


+  i  AP 


(0 

I 


(2) 


where  AP^^  is  determined  by  executing  PPEXACT  with  the  measured  wake 
as  input,  and  APj  '  is  determined  by  exercising  OBLIQUE  and  0BLIQ02. 
The  program  0BLIQO2  is  required  only  if  the  measured  wake  has  a  signi¬ 
ficant  second  harmonic  variation  in  the  circumferential  variations  of 
the  propeller  inflow;  therefore,  for  a  propeller  inclined  in  open-water 
0BLIQO2  is  not  needed. 

The  loading  AP,^  is  the  solution  of  the  integral  equation  (1), 

3 

where  KQ  is  the  same  kernel  computed  by  PPEXACT  for  the  blade  fre¬ 
quency  harmonic  problem.  Since  the  problem  under  consideration  is 
linear,  we  may  for  convenience  split  (1)  into  two  equations 


o 
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J T  ">i0)  S  ds  .  JJ  (AP<  '>),!(„  ds 
s  s 

(3) 

JJ  6P<,2>  k;  ds  =  (4P('))2  ko  ds 

S  S 

(*0 

where  APj =  (APj'^j  +  (AP^)g.  The  program  OBLIQUE  solves  (3) 
and  OBLIQ02  solves  (4). 

A.  Computational  Procedure 

The  procedure  described  is  intimately  tied  in  with  the  already 
published  program  PPEXACT.  Therefore,  it  is  essential  to  have  on  hand 
the  FORTRAN  program  and  its  user's  manual,  the  four  volumes  cited  as 
Reference  3-  Familiarization  with  the  usage  of  PPEXACT  is  assumed. 

Since  it  has  been  adequately  documented  elsewhere,  the  list  of  inputs 
used  in  executing  PPEXACT  for  the  sample  case  will  be  presented  in  the 
next  section  without  further  elaboration.  The  input  data  for  OBLIQUE 
and  0BLIQO2  will  be  described  in  an  appropriate  subsection  after  the 
list  of  steps  in  the  procedure. 

The  list  of  steps  are: 

Step  1.  Prepare  the  input  data  deck  for  PPEXACT  in  accordance 
with  Reference  3  for  the  propeller  and  its  measured  inflow  appropriately 
analyzed  into  harmonic  components. 

Step  2.  Execute  PPEXACT  for  the  harmonic  frequencies  up  to  at 
least  the  second  if  the  shaft  frequency  loading  in  inclinded  flow  is 
desired.  The  loadings  are  stored  in  a  permanent  file  defined  from  the 
local  file  TAPE  3  in  PPEXACT.  This  may  be  accomplished  by  the  following 
control  card 

DEFINE  (TAPE3  =  SOLVECS) 


where  SOLVECS  stands  for  solution  vectors. 
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K, 


c 


c 


t 


» 


Step  3«  Prepare  input  data  deck  for  OBLIQUE  in  accordance  with 
the  subsection  INPUT  Data  Deck. 


Step  4.  Execute  OBLIQUE  for  the  calculation  of 
the  calculation  of  (aP)^)j»  The  steady  loadings,  AP 
the  permanent  file  SOLVECS  onto  the  local  file  TAPE9- 
accomplished  by  the  control  card 


Ki 


followed  by 
are  read  from 


(0) 

o  * 

This  may  be 


GETPF  (TAPE9  =  SOLVECS) 

Step  5*  Prepare  output  data  deck  for  0BLIQ02  in  accordance  with 
the  subsection  INPUT  Data  Deck. 


Step  6.  Execute  OBLIQ02  for  the  calculation  of  K','  followed 
by  the  calculation  of  (  AP j  ')2*  The  second  harmonic  loadings,  AP'  , 
are  read  from  the  permanent  file  SOLVECS  onto  the  local  file  TAPE9  in 
the  same  manner  as  in  Step  4. 

Step  7*  Combine  results  of  Step  2,  Step  4  and  Step  6  to  obtain 
the  shaft  frequency  loading  (or  bending  moments,  etc.)  due  to  the 
spatial  distribution  of  inflow  plus  the  distortion  of  the  shed  heli- 
coidal  stream  surfaces  behind  the  propeller  using  (2)  to  obtain: 

.  OP^t,  |(4P<'>)  (5) 

The  output  of  OBLIQUE  Is  ,(ipj  '^and  the  output  of  0BLIQ02  is 
Remember  that  the  results  are  printed  in  the  output  in  complex  form. 
Collecting  the  real  and  imaginary  parts  of  (5),  we  may  write 

AP^  -  R  +  II 

which  may  be  reduced  to  the  form 

AP^*)  =  A  cos(  0-cp)  (6) 

where 

A  -  JR2  +  I2}  2 
cp  *  tan"1  (^) 

6  =  angular  position  of  reference  blade 


t 
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Equation  (6)  is  the  result  of  interest  for  the  shaft  frequency  response 
of  a  propeller's  blade  in  a  spatially  varying  inflow  with  the  mean 
velocity  inclined  to  the  propeller  shaft. 

B.  Tape  OBLIQUE 

The  tape  accompanying  this  document  is  inscribed  OBLIQUE.  It  is 
a  650-foot  magnetic  tape  guaranteed  for  use  at  800  through  6250  bpi. 

The  tape  was  created  with  the  following  control  cards: 

Job  Card 

User  Card  Facility  dependent  controls 

Charge  Card 
GETPF  (OBLIQUE) 

GETPF  (0BLIQ02) 

LABEL  (TAPE,  VSN  =  TXXX*,  LB  =  KU,  D  =  HD,  NT,  PO  =  W) 

REWIND  (TAPE) 

COPYBF  (OBLIQUE,  TAPE) 

COPYBF  (OBLIQ02,  TAPE) 

UNLOAD  (TAPE) 

6/T/8/9  END-OF-FILE  CARD 

Therefore,  the  tape  supplied  is  NOS  unlabeled  (LB  =  KU),  where  NOS  is 
the  operating  system  of  the  CDC  6600  computer  at  New  York  University 
on  which  the  tape  was  made.  The  tape  is  9-track  (NT)  and  was  used 
at  800  cpi  (D  =  HD).  Two  files  were  copies  ( PO  =  W)  onto  the  tape. 

The  first  file  is  OBLIQUE  and  the  second  file  is  0BLIQ02. 

In  order  to  mount  and  read  ( PO  =  R)  the  tape  on  another  CDC  6000 
series  computer,  the  control  cards  required  are: 


Job 

User  Facility  dependent  controls 

Charge 

DEFINE  ( TAPE1  =  OBLIQUE) 

DEFINE  (TAPE2  =  0BLIQO2) 

LABEL  (TAPE,  VSN  =  TXXX*,  LB  =  KU,  D  -  HD,  NT,  PO  =  R) 

REWIND  (TAPE) 

COPYBF  (TAPE,  TAPE1 ) 

COPYBF  (TAPE,  TAPE2) 

UNLOAD  (TAPE) 

6/T/8/9  END-OF-FILE  CARD 

Since  the  programs  are  in  PL-Format,  the  following  sequence  of 
control  cards  are  required  to  obtain  a  listing  of  the  program: 

Job 

User  Facility  dependent  controls 

Charge 

GETPF  ( OLDPL  =  OBLIQUE) 

UPDATE  (F) 

COPYSBF  (COMPILE,  OUTPUT) 

*  7/8/9  END-OF- RECORD  CARD 

7/8/9  END-OF-RECORD  CARD 
6/T/8/9  END-OF-FILE  CARD 

where  GETPF  is  equivalent  to  an  ATTACH  card.  A  similar  sequence  is 
required  to  list  0BLIQO2,  which  is  also  in  PL-Format. 

In  order  to  execute  the  created  permanent  files,  the  following 
sequence  of  cards  are  required. 


* 

XXX  is  any  integer  from  1  to  999  which  uniquely  identifies  the  tape. 
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Job 

User 

Charge 

GETPF  (TAPE9  =  SOLVECS) 

REWIND  (TAPE9) 

GETPF  ( OLDPL  =  OBLIQUE) 

UPDATE  (F) 

FTN  (I,  ER) 

RFL,  200000. 

LGO. 

7/8/9  END-OF-RECORD  CARD 
7/8/9  END-OF-RECORD  CARD 
INPUT  DATA  DECK 
6/7/8/9  END-OF-FILE  CARD 

A  similar  sequence  of  cards  is  required  to  execute  OBLIQ02  (the  only 
card  to  be  changed  is  the  card  with  OLDPL  =  OBLIQUE  which  is  changed 
to  OLDPL  =  0LBIQO2).  Both  programs  require  the  permanent  file  created 
by  the  DEFINE  (TAPE3  =  SOLVECS)  control  card  during  the  execution  of 
PPEXACT. 

C.  INPUT  Data  Deck 

The  first  data  card  required  by  OBLIQUE  and  0BLIQ02  is  described 
as  follows: 

1.  Control  for  OBLIQUE  or  OBLIQ02 


Col umns 

Format 

Variable  Name 

Entry 

1-5 

1 

NPSI 

=  0  Noninclined  inflow 
=  1  Inclined  inflow 

6-15 

F 

ANGLE 

Angle  of  shaft  inclination 
with  inflow,  if 

16-20 

1 

NIY 

position  of  desired  loadings 
in  the  queue  of  solution  vectors 

on  TAPE9;  1  for  AP°,  or  3  for 

AP2  ° 

o 

21-25 

1 

NIY1 

position  of  blade  loadings  in 
the  queue  of  solution  vectors  on 
TAPE9;  2  for  APj 

The  next  22  cards  are  identifical  with  the  input  to  PPEXACT  for 
the  determination  of  the  shaft  frequency  loading  as  described  in 
Reference  3*  The  input  may  be  extracted  from  the  input  data  deck  used 
to  execute  PPEXACT,  which  is  a  prerequisite  to  this  calculation. 

D.  OUTPUT 

The  output  format  of  OBLIQUE  and  0BLIQO2  is  identical  with  that 
of  PPEXACT.  The  only  important  piece  of  information  to  keep  in  mind 
is  that  the  output  of  OBLIQUE  is  due  to  the  left-hand-side  of  (3)  and 
the  output  of  OBLIQ02  is  due  to  the  left-hand-side  of  (4)  both  of 
which  are  not  results  of  the  measured  wake  data.  The  latter  effect 
was  already  computed  by  PPEXACT.  Again,  the  reader  is  referred  to 
the  theoretical  considerations  described  in  Reference  1  for  details 
of  this  analysis. 


SAMPLE  CASE 

The  sample  case  as  described  in  Reference  1  demonstrates  that 
the  distortion  of  the  shed  helicoidal  stream  surfaces  in  the  wake  of 
the  propeller  are  180  degrees  out  of  phase  with  the  primary  contributor 
to  the  shaft  frequency  loading,  viz,  the  across- the  disk  component  of 
the  oncoming  flow. 

In  order  to  execute  the  programs  for  this  calculation  the  input 
data  decks  are  presented  in  Tables  1  through  3*  Table  1  lists  the 
input  data  used  to  execute  PPEXACT.  Table  2  was  used  to  execute 
OBLIQUE  and  Table  3  was  used  to  execute  0BLIQO2.  The  results  are  pre¬ 
sented  in  Table  4  illustrating  the  effects  of  each  component.  See 
Reference  1  for  an  elaboration  of  these  results. 

The  execution  time  of  PPEXACT  for  six  frequencies  of  loading 
is  approximately  10  systems  minutes  on  the  CDC  6600  computer.  The 
program  OBLIQUE  and  0BLIQ02  take  approximately  12  systems  minutes  each 
on  the  same  computer.  Therefore,  the  total  execution  time  for  the 
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problem  of  computing  blade  bending  moments  including  the  contribution 
of  inflow  Inclination  on  the  shaft  frequency  loading  is  approximately 
34  systems  resource  minutes  on  the  COC66OO. 
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TABLE  1 

INPUT  INFORMATION  TO  PPEXACT  AS  PRINTED  IN  OUTPUT 
(See  Ref erence3f or  Description) 


Mean  Wake  taken  to  be  zero  in  sample  case  -  uniform  inflow 


■CTW  0=>£«»-V0OC»TTar3O 

M  c.  ip  o  <>  v*-.  o  cr  O  u;  O  t'.  r  ifi  c  'r  h 
—  rl(\iMJ'3M")»0?0'rt'3lOrO?Or5WM 

r  -  «'  *  •  *  r.  i  .  •  r  •  o  o  O 

c  o  C  u  c.  r  c  CC.CC  r.-  cr  coon  cc 


C -  W  C-t  O  ri  H  H  H  rC  H  »-(  H  H  W  'J  '*J  "3  c; 

C  r  ri  a  c  i..  C'.  n  'i  li  r  rrl  n 

•-I  X)  r.  O  N  r  J  >  }  0  3-03  G  r--  O  .n  i-O  T* 

c  °  C  ^CCCCCr-ICCCC  C  O  C.  C  C. 

"to  3  c  c  r  a  s  D  o  c  c  ::  c  r_  on  rr  - 


n  3  O  O  ri  3  H  O  H  O  H  -O  H  O  3  ^  o 
C"  'f  O  Cl  (Vi  -OJ5  c  (f!  C  t-  C  -O  vT.  C\  O  <t'  *t  C 
(\a1NO>H(\l'0’TVrJl<rc7IO(VIHOPiriIV 

t-CCCrlHriH  *-l  ri  H  r1  H  rC  n  Cl  G  C 

vaooooooc^cjoiaoc/caiaoocio 


V  OinHTilftMtMrlHrtMOtniHlflOv/ 

'C  C-  iii  o  in  O  O  /V  N  tfv  3  O  If*  N  -O  Ci  C  N 

r-  p  r  rv?  OP  r  r  r  r.  r  p  o  -r  t\  c .  o  r- 
c~v  c:  cv  c  c  ccogoocociocicocj 


■w  CJJ 

</>  c-. 


— -  .  i 

r.  ..i 

t-  ta 


'£'*<’£  c-  ir  w m  in  c  ip  (Oi^um'  -ov  -c  <. 

n  O  t\  K,  *>  H  £  c.  rx  O-  C'  .C :  r-t  O  >3  Cm  iC  p 

v  o  cm  in  p'  c  ri  n  n  .-o  y)  n  h  o  o  m  cm  or  xc 

•-■  .-<  ,4  ,1  ,-j  -j  rx'  JV  f\'  -X.  «V  cv  CV  Cl  -ex  —i  cr 


-O 

X 

'X 

<- 

fv 

, 

0) 

7“ 

JJ 

* 

<0 

l*. 

1 

tH 

D 

o 

_i 

o 

CD 

o* 

i_r 

cr 

IA 

c_ 

•T 

•—* 

• 

c; 

tH  r- 

o-  'p  m 

cc 

C' 

co 

O  uv 

o 

a> 

ID 

— 

V  ■* 

r\j 

3 

H 

n-  Zi  r-z 

f\. 

o 

Xv 

o 

rg  ro 

x  rv 

^-i 

CNJ 

c 

LU 

*x 

ja 

•3 

V 

.d  ,*o 

r* 

sO 

o 

.n  ro 

cd 

CD 

•— 

V 

UJ 

c: 

t-t 

T-i 

HfN  CV 

cv 

C\ 

o: 

rv 

f\ 

CV 

r.  rsj 

Cv 

cr 

U 

-J 

Cc 

c 

O 

a  o  o 

o 

a 

rr> 

CD 

CD 

CD 

CD  c 

CD  CD 

o 

CD 

CD 

> 

c- 

• 

• 

• 

•  •  • 

• 

• 

• 

• 

• 

• 

•  • 

•  • 

• 

• 

-Q 

-o 

TJ 

CD 

<U 

C 

ffl 

• 

o 

o 

u 

n  c  o 

o 

o 

C". 

CJ 

o 

c  cr 

xJ  Q 

o 

Cl 

1 

tO 

IO 

CNj  y*i  i\ 

r. 

Ov 

r- 

V_J 

Co 

^  %‘w 

XV  C\* 

ir 

in  o  m  o-  cv  m  r-  o?  O'  oc  ipnitv  no-  m  o  iT. 

<->  '1  n  -IIX  l,  M\  Ic  I",  lx  IVl  |J  lv  !M  -I—I-CXC- 

o  a  o  (v  s  c  c  c  c  c.  c  ccaocnoc 


■o  ononnioofioi  a  i  c  n  o  «  c  •) 

lvl3CCiW3v».>i;,(XV  J  H  O  G  O  O'  IV 
JA  O'  ffNC.-O/VCNNC.  OJIfl 
c.:  -  .1  H  CM  ex  CV  (V  rj  .V  CM  CV  CM  (\|  N  cl  c,  c;  f 
n  rt  on  oc'ooc.oooooarioo 


tn-899 

-13- 


IT 

CD 

> 

n  * 

X 

t 

U. 

n 

-j 

O 

C' 

V 

. 

a: 

»« 

u. 

•  •  r-  j-.  f- 

*•  r 

c  n 

LL 

T 

o 

-r  »o  r*  m 

Ti  o 

c. 

•— * 

O  U>  *C  rj 

ao  o 

IT  nC 

» 

y 

• « 

ntMP  dl« 

r*  -o 

•%r  K> 

o 

>» 

JJ 

* 

*T  «T* 

C'  o 

Q  O 

1- 

<t  c-  <r  _■«  o  c*  o  o  o 

T  H  (ON  HIO  rt-O  « 

f"  r  or.  0-3-300 
t  s  o  o  o  c  ^  r  o 

—  ill  ill 


.  u 

Jt 

UJ  ~ 

J£  X. 

C  V 

3 

u 

o 


oocoooao 
1'  P  V  T  n  N  W  N 
rj  r  i  c  <-  r>  cr  crj  rj 
r\  n  .i  rr  eooo 
OOOOODDO 


►O  (M  •  (  r  ffxn  N 
K>  tfv  -C  ON®  > 


OJ 

ro 

Ui 

II 

o 

-1 

-J 

—* 

u* 

11 

•  r 

2 

* 

jj 

Ui 

cr 

rr 

Ui 

3 

3 

-J 

L 

w 

O 

X 

2’ 

2* 

O 

C 

2 

•— • 

►- 

O 

•* 

i  > 

CL 

a 

*< 

-i 

X 

t 

i: 

Ui 

< 

a 

CL 

*T 

10 

-J 

X 

u 

o 

CL* 

UJ 

r 

O  Q  O  O  a  O  C3  O 

!A  ^  t  «o  c  r  ^  ~ • 
M  N  rt  t  o  c-  C"C 
tN  ir\  »r  c\i  f\>  -H  ^ 

03330330 


r  w  H  o  »  n  m> 
r~  m  ri  o  ip  n  o  to 
(O  T  f ,  <1  «  N  O  (J 


) 

) 


TN-899 

-14- 


> 

TABLE  8 

> 

jp 

4P 

) 


)  SAMPLE  INPUT  data  DECK  FOR  PROttRAM  OBLIQUE 

) 


) 

1  10. 4  1  2 

>  AUGUST  1978 


FF-1088 

PROPELLER 

0.830 

1.061 

0.767 

240.0 

47.258 

5.0 

15.0 

0 

0  o 

0  0 

0  0 

8 

5  5 

17  11 

2 

4.0032 

0,333 

0 .089 

1.990 

47.258 

7.5 

0,333 

0.0 

) 

0.0 

1.0 

25.0 

0.00536 

0.01425 

0.02060 

0.02544 

0.02924 

0,02857 

0.02019 

-.00203 

0.44277 

0,48596 

0.51753 

0.54275 

0.56077 

0.55661 

0.51223 

0.41768 

1 

0.77321 

0,66990 

0.58688 

0,51734 

0,45676 

0.40134 

0.34838 

0.29749 

3.105 

3,960 

4.800 

5.610 

6.450 

7 .  ii  ii 

6.915 

6  •  33  fl 

1 

1  o 

0  0 

) 

-0.0520 

0.0864 

-0.0329 

0,0855 

-0.0164 

0,0867 

) 

-0.0048 

0,0843 

0.0033 

0.0788 

0.0082 

0.0609 

) 

0.00H3 

0,0451 

0.0027 

0,0367 

1 

0  0 

0  0 

0  0 

0.019 

0,00704 

0,0030 

0.00122 

0,00050 

0.00022 

0.00011 

0.00010 

) 

> 


' 

1  10.4  3  2 

AUGUST  1978 


1 

) 

rr-ioae 

PROPfclLFR 

O.A30 

1.061 

0.767 

240.0 

47.258 

5.fi 

15.0 

0 

0  o 

0  0 

0  0 

A 

5  5 

17  11 

2 

4.0032 

0,333 

0.089 

1.990 

47,258 

7.5 

0.333 

0.0 

n.n 

1.0 

25.0 

;  ; 

> 

0 . 00336 

0,01425 

0 .02060 

0.02544 

0 .02924 

n  .02057 

0.02019 

-.00903 

0.44277 

0,48596 

0.51753 

0.54275 

0,56077 

U. 55661 

0.51723 

0.41768 

0.77321 

0,66990 

0.58688 

0.51734 

0.45676 

0.40134 

0.34H38 

0.29749 

;  ; 

. 

1 

3,105 

3,960 

4.800 

5.610 

6.450 

7.11ft 

6.915 

^  •  3  3  0 

1 

1  o 

0  0 

-0.0920 

0,0864 

[j 

-0.0329 

0,0855 

' 

-0.0164 

0,0867 

-0.0048 

0,0843 

> 

0.0033 

0,0788 

l 

O.OOA2 

0,0609 

. 

0 .0083 

0.0451 

> 

0.0027 

0,0367 

1 

0  o 

0  0 

0  0 

0.019 

0,00704 

0 .0030 

0.00122 

0.00050 

n. 00022 

0.00011 

o.oonio 
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TABLE  4 

RESULTS  OF  SAMPLE  CALCULATION 
Shaft  Frequency  Blade  Bending  Moment 
Coefficients,  k|^  =  M^^/fpn^  0^) 


Non-dimensional 
Propeller  Radius 

<r/rn> 

0.333 

0.421 


Components  of  Calculated  Blade  Bending  Moments 


•jO) 

\ 

o 


9^  (de9) 


0 


*-* 


K(1> 


*** 


P(0' 
¥2 


<P4  J(deg) 


0.00121  100.8 

0.00094  99.7 


.00027  -2.8 

.00013  10.6 


0.000058  165.6 

.000055  160.9 


Contribution 

)l  k 

Contribution 

Contribution 


due  to  shaft  frequency  harmonic  of  hull  wake. 


due 

to 

AP° 

and 

Ki* 

0 

due 

to 

*Po 

and 

Kr 

o 


